Objective: To conceive and test a laboratory model that simulates the multifactorial etiology of non-carious cervical lesions. The model enables researchers to assess the pathological process with increasing levels of complexity, focusing on tension and corrosion. The model is aimed at clarifying the mechanisms that lead to the development of these lesions. Methods: Specimens were manufactured from bovine incisors cut into 18 × 3 × 3 mm sticks, with a notch in the cervical region facing the pulp, in order to concentrate the stresses on the surface of the cementum-enamel junction when fi xed at the apical end and loaded for bending on the incisal edge. One group was immersed in distilled water and the other in pH 4.5 acetate buffer for 72 h. Each group was divided into three subgroups: one subgroup without loading, and two subgroups submitted to loading (800 gf) to cause either compression or tensile stress. After the test, 0.05 mm histological lamellae of the specimens were processed and photographed using a light microscope, and the damages were assessed. Conclusion: The laboratory model that was developed enabled the precise measurement of the depth of loss and demineralization of tooth tissue in the specimens, whether submitted to stress or not. The formation of other damages, such as cracks and fractures, could also be observed; this made it possible to infer the infl uence of compressive and tensile stresses on the etiology of non-carious cervical lesions. The model can be further enhanced by making it possible to apply cyclic loads and interspersed abrasive challenges.
INTRODUCTION
Non-carious cervical lesions are characterized by loss of tooth structure near the cementumenamel junction, not associated with the action of microorganisms. These lesions are usually attributed to a traumatic tooth brushing habit or excessive intake of acidic foods. 1 However, these wedgeshaped lesions, which often present subgingivally or in isolated teeth, cannot be explained satisfactorily by the above-described mechanism.
2,3
Lee and Eakle 4 suggested that these lesions may be related to occlusal forces that are not aligned with the long axis of the tooth, and that tend to flex it, causing tensile stress on one side and compression on the other side of the tooth. According to the authors, enamel and dentin are highly resistant to compression, and damage to the crystalline structure is less likely to occur under this type of stress.
But the two structures have limited resistance to tensile stress, which can break the chemical bonds between the hydroxyapatite crystals. When the union of the crystals is broken, the spaces between the crystals increase and the molecules from the oral environment can penetrate this region, making the breakage irreversible.
This mechanism of pathological loss of substance in the cementum-enamel junction has been called "abfraction" to differentiate it from other mechanisms that may be involved in the formation of non-carious cervical lesions. 5 It is difficult to determine the etiology of certain non-carious cervical lesions, since the loss of tooth substance occurs over a prolonged period, and it is therefore difficult to ascertain whether the etiological factor present during the examination was present during the entire process. 6 According to Grippo, 7 the mechanisms that contribute to the formation of non-carious cervical lesions can act individually or in synergistic combinations with other mechanisms. They may act simultaneously, sequentially or alternatively, leading to the loss of dental mineral tissues.
Although it is accepted that non-carious cervical lesions have multifactorial etiology, the relative contributions of various possible mechanisms remain unclear. For many authors, the most widely accepted causes of these lesions are abrasion and corrosion; however, abfraction is one of the most debated and controversial theories, which still needs to be proved. [8] [9] [10] The objective of this study was to present a laboratory model that simulates the multifactorial etiology of non-carious cervical lesions. This model enables researchers to assess the pathological process with increasing levels of complexity, focusing on stress and corrosion, in order to clarify the mechanisms that lead to the development of these lesions.
TECHNIQUE EMPLOYED Specimen preparation
Bovine incisors were used for this laboratory model. They were cleaned and examined with a magnifying glass in order to discard those with cracks and structural defects. The teeth were stored in a 1% thymol solution at 4°C. The teeth were rinsed in running water and then stored in distilled water at 4°C two days before beginning their preparation.
The teeth were mounted in a cutting machine One stick was prepared and used as a standard for making the others. The buccal surface of the standard stick was worn down along its entire length with a cylindrical diamond bur (Reference carbide bur at high speed on the incisal edge of the sticks. In the cavity, 0.5 mm orthodontic wire, folded into an L-shape, was bonded using acid etching, dentin adhesive and composite resin. The reason for this procedure was to establish a precise point to apply the load. In the case of the sticks subjected to compressive stress, the free end of the wire was directed towards the lingual side of the stick, whereas, in the case of the sticks subjected to tensile stress, the free end was directed towards the buccal surface.
Adhesive tape (1.5 mm wide, 18 mm long) was bonded to the labial surface of the sticks, occupy- 
SIMULATION OF ETIOLOGIC FACTORS Mechanical factor
The sticks were divided into two groups: one group was immersed in distilled water and the oth- The load applied to the sticks was 800 gf. This load was defined in a pilot study, and corresponded to two thirds of the mean fracture load of 12 sticks tested using a universal testing machine (Kratos, São Paulo, Brazil).
The loading device contained a tank for the demineralizing solution. The inside of this tank had a holder for fixation of the sticks, a thermostat to keep the temperature constant at 37°C and a minipump to agitate the solution. Figure 3 shows the device used for the static load. 
Corrosive factor
In the group of specimens subjected to the acid challenge, both the subgroups of specimens not subjected to loading, as well as those subjected to loading, were immersed in a 900 mL of an acetate buffer demineralizing solution containing 2. 
EVALUATION OF THE EFFECTS
Histological slides of specimens impregnated with acrylic resin were prepared to evaluate the effects on the sticks. Initially, the sticks were rinsed for 24 h, and then the varnish was removed from the stick surfaces with a cotton swab soaked in acetone, gently applied on its surface to prevent the wearing of deteriorated regions. The specimens were dehydrated in an ascending alcohol sequence, and then soaked in methyl methacrylate using standard methodology for embedment, cutting, wear and polishing of the plates to obtain slides that were approximately 0.05 mm thick.
The specimens were divided into two groups to obtain the lamellae; one was sectioned transversely and the other, longitudinally. Two plates were obtained from the transversely cut specimens; one in enamel and the other in dentin, both at a distance of 0.5 mm from the dentin-enamel junction of the stick. An acid-exposed lamella from the central region was obtained for the longitudinal sections, including dentin and enamel regions.
The histological slides were observed and pho- In the transversely sectioned lamellae, the depth of dentin loss (Dl) was considered as the distance between two parallel lines that were drawn, one close to the buccal tooth surface that was protected by the varnish (blue line, Figure 4 ) and the other passing through the central region at the bottom of the cavity (red line, Figure 4 ). The depth of dentin demineralization (Dd) was measured by calculating the distance between two parallel lines, one drawn close to the bottom of the cavity (red line), and the other subjacent to the demineralized region, which had a lighter color than the sound dentin (green line).
The depth of enamel demineralization (Ed) was measured in the same manner, i.e., by measuring the distance between two parallel lines, one line tangent to the buccal surface of the enamel, which had been protected by varnish (blue line, Figure   5 ), and the other subjacent to the demineralized region, which was darker than the sound enamel (green line, Figure 5 ).
Four measurements of the demineralization depth were made in the longitudinal section lamellae: one measurement in the dentin located apically, at a distance of 0.5 mm from the cervical region (junction of the enamel and dentin on the buccal surface; D), and three measurements in the enamel ( Figure 6 ):
• the first in the cervical region (E1),
• the second in the middle third of the buccal surface of the stick, 3.5 mm from the cervical region (E2), and
• the third in the incisal third of the buccal surface of the stick, measured at 7.0 mm from the cervical region (E3).
The objective was to compare areas subject to higher or lower tension.
CONCLUSION
The laboratory model that was developed en- 
